This study aimed to develop a formulation for a chewable tablet using date powder (DP) and Flowlac 100 utilizing a direct compression method. The powders were compacted as single and binary mixtures at ive different formulations (DPL1, DPL2, DPL3, DPL4 and DPL5) to study their compaction behaviour. Stressor ranging from 15 to 74 MPa in a cylindrical die with lat face punches were introduced during the fabrication process, and the mechanical properties (plastic work, elastic work and tensile strength) of formed tablets were investigated. Findings of this study demonstrated that with a high percentage of DP in the formulation resulted in a high reading of plastic work, while a low amount of DP revealed low elastic work. Tensile strength of the tablet, on the other hand, varies with the percentage of DP present and applied pressure used. Formulation with 60% DP (DPL4) displayed the highest tensile strength compared to the other formulations, and it is coherent with industrial preferable tensile strength limit. In conclusion, the current indings could be useful in formulation and fabricating date chewable tablet which can be used as a food supplement by all categories of consumers since it is easy to be consumed by a wide range of age.
Compaction behaviour and mechanical characteristics of chewable binary tablet mixture containing lactose (Flowlac 100) and date (Phoenix dactylifera) powders INTRODUCTION Tablet has always been the most frequently used method for oral administration. It demonstrates several advantages in that it requires inexpensive and effortless manufacturing process with well-developed scale-up procedures, convenient to administer with better patient compliance and provide accurate dosage to the patient (Choi et al., 2010) . Chewable tablet is one example of a tablet commonly produced nowadays. Besides being easy to carry and consume, the chewable tablet also has a sweet and favourable taste and fabricated at a right chewing property (Wu et al., 2012) . Apart from being used to deliver active pharmaceutical ingredients, chewable tablet is also available in useful forms of healthy food such as oats dietary ibre chewable tablets (Du, 2006) , amino acid chelated calcium milk lavoured chewable tablets (Zhang et al., 2007) and natto chewable tablets (Jiang et al., 2007) .
The date is one of the essential plants in regions like South Asia, Southwest Asia and North Africa since it provides a good source of energy and essential nutrients. However, high sugar content in the fruit makes it very susceptible to spoilage. Leftovers and lower grade dates are converted into powder to prevent wastage and spoilage, but it needs extra care and handling due to its hygroscopic characteristic (Seerangurayar et al., 2017) . Therefore, production of chewable tablet from fruit powder is an innovative method for fruit preservation, where it requires direct and simple process, low cost, and ease of handling (Lai et al., 2013) .
It is essential to ensure that the powders being used in the manufacturing of tablet possess tolerable low properties. Moreover, tablets produced should have suf icient tensile strength as it is needed during production, packaging, and later handling during shipping and patient use. It is a big challenge to achieve the desired level of tablet tensile strength, especially when involving a large number of active ingredients or individual excipients to be added in the designed formulations. Addition of special excipients may cause the development of undesirable properties during the tablet manufacturing process (Etzler et al., 2011) . Due to this matter, this study was conducted to investigate the in luence of compaction pressure towards tablet mechanical properties such as plastic and elastic work, and compressive strengths by using two different powders in a binary form.
MATERIALS AND METHODS

Raw Materials
P. dactylifera (DP) powder was supplied by A & T Ingredients Sdn. Bhd., Nilai, Negeri Sembilan, Malaysia and lactose monohydrate (Flowlac 100) was obtained from Meggle Pharma. The particle sizes for DP and Flowlac 100 were given at 57.3 ± 0.4 and 76.9 ± 4.2 µm (D 50 ), respectively.
Preparation of Binary Mixtures
Five different compositions of DP and Flowlac 100 (DPL) binary mixtures were prepared. Thirty grams of the prepared powder was mixed using Glas-Col blender (Terre Haute, USA) at 80 rpm for 15 minutes to produce homogeneous mixtures. The mixtures were each stored in a desiccator to avoid from getting into contact with moisture. The formulations are as indicated in Table 1 .
Direct Compaction
Five hundred milligrams of powder was compacted in a 13 mm uniaxial die (Specac Ltd., Kent, UK) at 15. 07, 30.14, 45.21, 60.29 and 73.85 MPa pressure 
Tablet Characterisation
Prepared tablets were measured using an electronic balance, and the diameter and thickness were measured using digital calipers (Mitutoyo, Japan). The data obtained were used further for calculations of tablet tensile strength.
Force Displacement Pro ile
This method was used to investigate powder behaviour and tablet forming ability by measuring the energy changes during powder compaction. The total work, elastic work and plastic work for the tablets formed were determined from this pro ile by using the equations below (Mohammed et al., 2005) .
Total work:
Elastic work:
Plastic work:
are de ined as total work, maximum displacement, reaction pressure during loading, elastic work, inal displacement after unloading, reaction pressure during unloading, and plastic work, respectively.
Brazilian Test
Brazilian test or indirect tensile strength is an industrial standard method used in this study to measure tablet strength. Figure 1 illustrated the experimental setup for the Brazilian test. Tablet was placed between two solid plates, and a compression speed of 0.1 mm/s was applied to the tablet until the tablet fractured. The equation below was used to calculate the tablet tensile strength.
Where σ_t, P, D and t are de ined as tensile strength, maximum tablet breaking force at failure, tablet diameter and tablet thickness. 
Statistical Analysis
Results are presented as average values and standard deviations from ive sample measurements. Using a two-way analysis of variance (ANOVA), statistical differences were considered to be signi icant when P values are less than 0.05.
RESULTS AND DISCUSSION
Deformation Energies
Tablet compaction process includes primary particle rearrangement, deformation (elastic, plastic, fragmentation and friction), interparticle bond formation, elastic recovery and tablet ejection from die. Deformation process begins when pressure is being applied. Particles will experience elastic deformation and deformed further when they reached the speci ic elastic limit, which will cause plastic deformation or fracture brittle (Antikainen and Yliruusi, 2003) . Figure 2 shows the binary mixture tablet (DPL5) produced as an outcome of the compaction process at 45.21 MPa.
Compaction curve (Figure 3 ) developed from the data obtained through loading and unloading stages of tablet compaction helps to understand further the mechanical properties of the powder used. Area A is the plastic work where the tablet undergoes permanent deformation, bonding and formation of a irm tablet, while area B denote elastic deformation, a temporary deformation process. The total area of B and C gives the whole work input. In this study, plastic and elastic work for DP, Flowlac 100 and DPL tablets were investigated. 
Plastic work
Quanti ication of plastic work is commonly used to re lect particle deformation during the tablet compaction process. A higher value of plastic work shows that the compaction stress has been transferred from the upper punch to the powder used. Based on Figure 5 , tablets with 80% of DP (DPL5) exhibit relatively higher plastic work (6.04 ± 0.19 J) compared to DPL1 (4.14 ± 0.03 J). The values of plastic work obtained for all formulation were found to be statistically signi icant (P<0.05). In a previous work done by Al-Ibraheemi et al. (2013) , the combination of MCC/Lac and SSG/Lac tablet also show that the tablets exhibit lower plastic work at a high percentage of lactose. The high value of plastic work experienced by DP tablets is due to the extensive plastic deformation of the particles during the loading stage showing that DP particles are highly ductile. Flowlac 100, however, is a brittle material and fragments during compression (Mahmoodi et al., 2012) . A brittle material breaks without significant plastic deformation since it absorbs relatively little energy before fracture even though it is being compacted at lower applied pressure.
Elastic work
The second set of data shown in Figure 6 demonstrates the increase of elastic work over applied pressure. Elastic energy is stored in the tablet under applied pressure during compaction process and becomes elastic deformation. The amount of stored elastic energy in the tablet depends directly on the applied force (Pawar et al., 2016) . This explains the increasing amount of elastic work shown in the igure for the whole samples, especially to Flowlac 100. When the applied pressure increase, the stored elastic work will directly increase (Patel et al., 2007) .
Flowlac 100 has the highest elastic work at 2.35 ± 0.01 J, followed by DPL1 (2.01 ± 0.03 J) and DPL2 (1.87 ± 0.04 J). These two formulations have a higher percentage of Flowlac 100 compared to the others, with 80% and 60% each. The reduction on elastic work was found to be signi icant with the reducing amount of Flowlac 100 in the formulation used. It was mentioned before that Flowlac 100 has a bigger particle size compared to DP. This is in agreement with Patel et al. (2007) that indicated smaller particle size gives lower elastic deformation compared to larger particle size. The high elastic work given by Flowlac 100 shows that it experienced a high level of tablet relaxation due to little particles bonding. Hence, material that undergo elastic deformation possesses a signi icant internal pressure after compression, which will be released with the passage of time (Hwang et al., 2001) .
Total work
The plot in Figure 7 gives the output for the total work, which is also de ined as the upper punch work. Total work is the total area calculated under the upper punch force versus the upper punch displacement curve, as illustrated in Figure 4 (Area A + Area B). The results demonstrate that the total work changed signi icantly with applied pressure used. DP gives the highest total work (8.93 ± 0.2 J) followed by DPL5 (7.63 ± 0.17 J), while Flowlac 100 has the lowest (6.50 ± 0.02 J). This is in line with the data presented in Figure 5 and Figure 6 as DP possess higher plastic work that contributes to the high value of total work. 
Tensile Strength
Gathering mechanical strength data of a tablet is crucial to evaluate the compactibility of a speci ic substance. One way of reporting mechanical strength is through tensile strength where the dimensions of the compact are being measured and calculated along with force given to crush the tablet diametrically (Ilić et al., 2009) . Also referred to as the Brazilian test, Sinka et al. (2007) reported that the same method has been widely used to measure the tensile strength of different types of brittle materials, i.e. concrete (Wright, 1955) , coal briquettes (Berenbaum and Brodie, 1959) , gypsum (Addinall and Hackett, 1964) and lactose tablets (Fell and Newton, 1970) . Figure 8 displayed the tablet crushed during the Brazilian test. Figure 9 showed the signi icant effect of applied pressure on tensile strength of binary mixture formulations of DP (plastically deforming material) and Flowlac 100 (brittle fracture material). A binary mixture of DPL4 which comprises of 60% dates powder gave the highest tensile strength (1.11 ± 0.35 MPa) compared to the other formulations, while Flowlac 100 has the lowest strength (0.08 ± 0.06 MPa). DPL5, having 80% of dates powder showed a sudden decrease after 45.21 MPa which settle at the same level as pure DP. At the highest applied pressure, it was observed that the tensile strength levels off and even decreases to a lower value due to capping or lamination tendencies (Ilić et al., 2009 ). This was faced by DPL5 and DP where the tablets experienced capping after being released from the die. As for Flowlac 100 and DPL1, the tablet seems to be not well compacted during the irst two applied pressure as it was still surrounded with loose powder. It was well formed at 60.29 MPa, but the produced tablet broke after being ejected from die at the applied force of 73.85 MPa due to its brittle properties.
The comparison of tablet strength versus composition of date powder can be observed in Figure 10 , where it re lects the best formulation of DPL binary powder at 60% (DPL4), and the best-applied pressure to be used is 73.85 MPa. At this condition, the tensile strength of the produced tablet is 1.11 MPa, which is aligned with the industrial guideline where the preferred target value of tablet tensile strength in pharmaceutical manufacturing lies within the range of 1-2 MPa (Sun et al., 2009) ; (Leane et al., 2015) ; (Persson and Alderborn, 2018) .
CONCLUSIONS
This study has been carried out to investigate the behaviour and strength of different formulations of DPL binary mixtures using different compaction pressure. Both powders used in this study portrayed different properties. One signi icant inding is that the materials in the tablet will follow the characteristic of the dominant powder in the mixture. The difference in tensile strength between DP and Flowlac 100 is obvious due to plastic deformation of DP and brittle properties of Flowlac 100. In terms of formulation strength, it can be concluded that DPL4 is the best mixture, followed by DPL3, DPL5, DPL2 and DPL1. These indings could serve as a basic theoretical knowledge that is important in formulating and fabricating date chewable tablets.
